Normal conducting steady-state toroidal magnet systems are investigated, emphasis being placed on applications to large ignited next generation tokamaks. The study is based on water-cooled tape wound D coils. The data for the TF magnet systems are calculated in a consistent manner with a computer program including the plasma, shield, ohmic heating coil system, and geometric requirements for blanket modules, beam ducts, etc. An optimization procedure is used to find those TF coil systems which minimize cost-relevant quantities. The main results are that normal conducting TF coil systems of ignited next-generation tokamaks (following JET, TFTR, etc.) can be operated in a stationary mode and fed from the grid. Cost for electricity is a relatively small portion of the investment cost even in the case of long integral burn times ( > 10 7 s).
INTRODUCTION
Within future tokamak development, a certain fixed point is given by systems of the DEMO-IN-TOR type in that they require an ignited, relatively long burning plasma, superconducting toroidal field coils, and a breeding blanket or blanket modules. Each of these goals requires a big step beyond the present status. Coupling all these options in a single experiment following JET or TFTR would constitute a major risk to achieving these aims.
Apart from a trivial time sequence procedure, decoupling of the risks could be achieved by making use of normal conducting TF coil systems for ignited plasmas and developing superconducting TF coils and ignited plasmas in separate devices. Such a procedure has already been proposed in the report by Brandt et al., "European Long-Term Planning," in which emphasis is placed on time schedule requirements.d) I Max-Planck-Institut ftir Plasmaphysik, EURATOM Association, D-8046 Garching, Germany.
In this study, tape-wound, water-cooled D coils with low mechanical stresses are considered with a view to application in ignited tokamaks. Such coils have been successfully manufactured for the JET device with specifications close to those of next-generation tokamaks. Apart from the greater experience in manufacturing and operating large, normal conducting TF magnets, further advantages over superconducting magnets are:
1. Simpler mechanical structure of the winding and simpler cooling 2. Smaller radiation shielding 3. Immunity to rapid magnetic field variations (disruptions) 4. Easier (radial and lateral) support of the winding 5. Easier dismantling (no cryostats) 6. Simpler detection and discharge systems
The main drawback of normal conducting TF coils is the high resistive losses. Furthermore, since next-generation tokamaks should operate in the 0164-0313/82/0200-0071 $03.00/0 @1982 Plenum Publishing Corporation long-pulsed mode, steady-state operation, and hence steady-state cooling, is required. There is an obvious trade-off between resistive losses and cooling requirements on the one hand and stored magnetic energy and coil thickness on the other. This paper aims to clarify quantitatively whether next-generation ignited tokamaks with resistive steady-state TF coils with acceptable size and resistive losses can be built. For this purpose, a model that allows for the self-consistent layout of such systems is developed. The solutions are optimized with respect to cost-relevant figures of merit and take into account all relevant technical and geometrical constraints.
Though this paper is devoted to next-generation tokamaks, it is pointed out that the model also applies to current, nonignited experiments as well as to hybrid and pure fusion reactors.
Other concepts for steady-state normal conducting TF coils were studied in refs. 2-4, the underlying philosophy being different in part. In our study, emphasis was placed on risk minimization, and consequently, medium-field, low-stress coils, the fabrication of which is standard, were considered. For easier dismantling, the analysis of refs. 2 and 3 is based on rectangular TF coils assembled from copper plates. In contradiction to this and our study, ref. 4 deals with compact tokamaks with Bitter-type TF systems exposed to high mechanical stresses.
MODEL DESCRIPTION

Geometry
The analysis is based on tape-wound D-coil systems as shown in Fig. 1 . The plasma is centered at R 0 (plasma major radius). The elongated plasma crosssection is characterized by the minor radius a and the plasma elongation s. The plasma is surrounded by a scrape-off layer of thickness l, a vessel of thickness u, and a shielding of thickness D.
The D coil is characterized by the minimum and maximum distances of the center line from the torus axis, R l and R 2, respectively, and by the coil thickness A. The coils are tapered in the inner coil region in order to make optimum use of the limited area in this region. Each coil is subdivided into m pancakes; the typical case, where m --2, is shown in Fig. 1 . ~The toroidal field coils are supported by the central support cylinder of thickness t I (see Fig. 2 ). The ohmic heating coil has a thickness At and a radius Ron as shown in Fig. 2 .
There are further important geometrical parameters, namely, g, AR, and d, of which g and AR are visualized in Fig. 1 . The parameter g characterizes the free space available for the installation of, for instance, a poloidal divertor, while AR characterizes the space available for the installation of, for instance, blanket modules. The parameter d is the free space between two coils in the equatorial plane and gives the space for beam ducts, etc. Depending on the specific system under consideration, lower limits gin, AR m, and d m exist for the quantities g, AR, and d.
Basic Equations
The following set of equations forms the central part of the model. They can obviously be evaluated in the given order, once the first two groups of parameters of Table I 
